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DETAILED ACTION 



1. The amendment filed on 08/06/02 has been entered. 

Priority 

2. Receipt is acknowledged of papers submitted under 35 U.S.C. 1 19(aHd), 
which papers have been placed of record in the file. 

Information Disclosure Statement 

3. The Information Disclosure Statement filed on 10/1 1/02 has been considered. 

Claim Rejections - 35 USC § 102 

4. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 
that form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(b) i the invention was patented or described in a printed publication in this or a foreign country or in 
pub he use or on sale in this country, more than one year prior to the date of application for patent in 
the United States. 

Claims 1 and 9 are rejected under 35 U.S.C. 102(b) as being anticipated by 
KATOH (6,087,687). 

With regard to claim 1 , Katoh discloses a semiconductor device comprising: 
a channel 126 of a first conductivity type formed on a surface layer of a semicon- 
ductor substrate, a source 105 and a drain 106 of a second conductivity type 
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formed on both sides of the channel 126, a gate insulation film 128 with a first 
relative permittivity, that of bismuth titanate, formed at least on the channel 126 
directly, a gate electrode 130 formed on the gate insulation film 128, and a side 
insulation film 129a and 129b formed at least on a side of the gate insulation film 
128 and having a second relative permittivity, that of silicon dioxide, which is 
smaller than the first relative permittivity, wherein when a first area of the gate 
insulation film 128 adjacent to the gate electrode 130 is S1 , a second area of the 
gate insulating film adjacent to the channel 126 is S2, and a third area of a bot- 
tom part of the gate electrode 130 is S3, the area S1 is larger than the area S2, 
the area S3 is larger than the area S1 , a part of the third area S3 is connected to 
the gate insulating film, and the other part of the third area S3 is not connected to 
the gate insulating film. Note figures 1 and 2 and column 1 lines 45-67 and col- 
umn 2 lines 1 -28 of Katoh. 

With regard to claim 9, Katoh discloses a semiconductor device comprising: 
a channel 126 of a first conductivity type formed on a surface layer of a semicon- 
ductor substrate, a source 105 and a drain 106 of a second conductivity type 
formed on both sides of the channel 126, a gate insulation film 128 with a first 
relative permittivity formed at least on the channel 126 directly or through a buffer 
insulation film, a gate electrode 130 formed on the gate insulation film 128, and a 
side insulation film 129a and 129b formed at least on a side of the gate insulation 
film 128 and having a second relative permittivity, that of silicon dioxide, which is 
smaller than the first relative permittivity, wherein an electric flux density in the 
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gate insulation film 128 on a side towards the channel 126 side is more dense 
than an electric flux density in the gate insulation film 128 on a side towards the 
gate electrode 130, and an area of a bottom part of the gate electrode 130 is lar- 
ger than an area of an upper part of the gate insulation film 128. Based on appli- 
cant's disclosure, the fact that the device disclosed by Katoh has an electric flux 
density in the gate insulation film 128 on a side towards the channel 126 side is 
more dense than an electric flux density in the gate insulation film 128 on a side 
towards the gate electrode 130 is considered inherent in the fact that the dis- 
closed device has gate insulation film 128, side insulation film 129a and 129b, 
and gate electrode 130 that are shaped so that a first area of the gate insulation 
film 128 adjacent to the gate electrode 130 is S1, a second area of the gate insu- 
lating film adjacent to the channel 126 is S2, and a third area of a bottom part of 
the gate electrode 130 is S3, the area S1 is larger than the area S2, the area S3 
is larger than the area S1. Note figures 1 and 2 and column 1 lines 45-67 and 
column 2 lines 1-28 of Katoh. 

Claim Rejections - 35 USC § 103 

5. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described 
as set forth in section 1 02 of this title, if the differences between the subject matter sought to 
be patented and the prior art are such that the subject matter as a whole would have been 
obvious at the time the invention was made to a person having ordinary skill in the art to which 
said subject matter pertains. Patentability shall not be negatived by the manner in which the 
invention was made. 
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A. Claims 2,4-8, and 1 1 are rejected under 35 U.S.C. 103(a) as being unpat- 
entable over KRIVOKAPIC et al. (6,100,558) in view of KATOH (6,087,687). 

Krivokapic et al. discloses a MOSFET having high and low dielectric materials 
wherein a channel (no part #) of a first conductive type formed on a surface layer 
of a semiconductor substrate 12, a source 34 and a drain 34 of a second conduc- 
tive type formed on both sides of the channel, a gate insulation film 210 with a 
first relative permittivity formed at least on the channel directly or through buffer 
insulation film 40, a gate electrode 220 formed on the gate insulation film 210, a 
side insulation film 194 (alternatively 196) formed at least on a side of the gate 
insulation film and having a second relative permittivity which is smaller than the 
first relative permittivity, wherein an area of the gate insulation film 21 0 adjacent 
to the interface between the gate insulation film 210 and the gate electrode 220 
is larger than an area thereof which is adjacent to the interface between the gate 
insulation film 210 and the channel, wherein the first gate insulation film 210 is a 
high dielectric film or a ferroelectric film including a composition or an element of 
oneofTa 2 0 5 , Sr 2 Ta207,Ti0 2 , SrTiOs, BaTi0 3 , CaTi0 3 , Ba x Sr,. x Ti0 3 , 
PbTi0 3) PbZrxTi|. x 0 3l SrBi 2 Ta 2 0 9 , SrBi 2 (Ta x Nb^) 2 0 9 , orBi 2 (Ta x Nb^)0 6 , namely Ti0 2 
or SrTi03, so that the first permittivity is 20 or more, the width of the gate insula- 
tion film 210 on the channel side is smaller than the width of the gate insulation 
film on the gate electrode 220 side in a length along a channel width direction of 
the gate insulation film 220, a sectional shape of the gate insulation film 210 
along a direction of the source-drain is one of tapered shape, a trapezoid, a sec- 
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tor, and a stair, namely, a rectangle (i.e. a type of trapezoid) a sectional shape 
along a direction of the source-drain of the gate insulation film 210 from the gate 
electrode to a predetermined line (claim reads "the predetermined distance") on 
the channel side is a rectangle, and the just mentioned sectional shape is one of 
a tapered shape, a trapezoid, a sector, and a stair, namely, a rectangle (i.e. a 
type of trapezoid), the buffer insulation film includes one of SiO^ Si 3 N 4 , NO, Ti0 2 , 
SrTi0 3> MgO or Ce0 2 , namely, Si0 2 or Si 3 N 4 . Note col. 8, lines 5 and 8, and figure 
20 of Krivokapic et al. Further, Krivokapic et al. discloses that an area of a bottom 
part of said gate electrode 220 in contact with the gate insulation film 210 is lar- 
ger than an area of an upper part of said gate insulation film 210. Note figure 20 
of Krivokapic et al. Krivokapic et al. does not disclose that when a first area of 
said gate insulation film adjacent to said gate electrode is S1, a second area of 
said gate insulating film adjacent to said channel is S2, and a third area of a bot- 
tom part of said gate electrode is S3, the area S1 is larger than the area S2, the 
area S3 is larger than the area S 1 , a part of the third area S3 is connected to 
said gate insulating film, and the other part of the third area S3 is not connected 
to said Gate insulating film. 

However, Katoh discloses a semiconductor device having a channel 126, 
gate electrode 130 and gate insulating film 128, wherein when a first area of said 
gate insulation film adjacent to said gate electrode is S1, a second area of said 
gate insulating film adjacent to said channel is S2, and a third area of a bottom 
part of said gate electrode is S3, the area S1 is larger than the area S2, the area 
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S3 is larger than the area S 1 , a part of the third area S3 is connected to said 
gate insulating film, and the other part of the third area S3 is not connected to 
said gate insulating film. Note figures 1 and 2 and column 1 lines 45-67 and col- 
umn 2 lines 1-28 of Katoh. Therefore, it would have been obvious to a person 
having skill in the art to shape the channel, gate and gate insulators of Krivokapic 
et al.'s MOSFET in accordance with the shapes of the channel, gate and gate 
insulators such as taught by Katoh in order to concentrate the electric field pro- 
duced by the gate to thus provide a way to run the non-volatile memory device of 
Krivokapic et al. with a lower gate voltage. 

With regard to claim 1 1 , this claim requires a first plurality of devices, individ- 
ual ones of said first plurality of devices described in a manner identical to de- 
vices described in claim 2 and also by Krivokapic et al. and Katoh, and a second 
plurality of devices, individual ones of said second plurality of devices being iden- 
tical in all but one respect to individual ones of said first plurality of devices, said 
individual ones of said second plurality of devices likewise described in a manner 
identical to devices described in claim 2 and also by Krivokapic et al. and Katoh. 
There is the additional limitation that top/bottom ratios of gate insulation films in 
single ones of the first plurality of devices be greater than top/bottom ratios of 
gate insulation films in single ones of the second plurality of devices. As claimed, 
individual ones of the first and second pluralities are otherwise identical. It is con- 
sidered that it would have been obvious to a person having skill in the art to re- 
produce a given plurality of Krivokapic et al. and Katoh's MOSFET device in or- 
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der to provide a plurality of devices with lower gate capacitances to thus densely 
pack a large number (at least two pluralities) of such devices on one chip. Given 
at least some manufacturing tolerance in top/bottom ratios of gate insulation films 
in these devices, a first sub-plurality of said given plurality will have larger than 
average top/bottom ratios of gate insulation films, a second sub-plurality will have 
smaller than average top/bottom ratios of gate insulation films, and individual 
ones of the larger than average devices will be larger than individual ones of the 
smaller than average devices. It should be noted that claims 10 and 1 1 require 
that the 1 st and 2 nd pluralities be present but not that they be sorted out or ar- 
ranged in any way. 

B. Claims 3 and 10 are rejected under 35 U.S.C. 103(a) as being unpat- 
entable over KATOH (6,087,687). 

With regard to claim 3, Katoh discloses all the elements of claim 3 except that 
area (S1 , per claim) of the gate insulation film 128 adjacent to the interface be- 
tween the gate insulation film 128 and the gate electrode 130 is 1 .5 times larger 
than an area (S2, per claim) thereof which is adjacent to the interface between 
the gate insulation film 210 and the channel. Note figures 1 and 2 and column 1 
lines 45-67 and column 2 lines 1-28 of Katoh. Although Katoh's device does not 
teach the exact ratio of areas as that claimed by Applicant, the width differences 
are considered obvious design choices and are not patentable unless unobvious 
or unexpected results are obtained from these changes. It appears that these 
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changes produce no functional differences and therefore would have been obvi- 
ous. Note In re Leshin, 125 USPQ 416. 

With regard to claim 1 <D, this claim requires a first plurality of devices, individ- 
ual ones of said first plurality of devices described in a manner identical to de- 
vices described in claim 1 and also by Katoh, and a second plurality of devices, 
individual ones of said second plurality of devices being identical in all but one 
respect to individual ones of said first plurality of devices, said individual ones of 
said second plurality of devices likewise described in a manner identical to de- 
vices described in claim 1 and also by Katoh. There is the additional limitation 
that top/bottom ratios of gate insulation films in single ones of the first plurality of 
devices be greater than top/bottom ratios of gate insulation films in single ones of 
the second plurality of devices. As claimed, individual ones of the first and sec- 
ond pluralities are otherwise identical. It is considered that it would have been 
obvious to a person having skill in the art to reproduce a given plurality of Katoh's 
MOSFET device in order to provide a plurality of devices with lower gate capaci- 
tances to thus densely pack a large number (at least two pluralities) of such de- 
vices on one chip. Given at least some manufacturing tolerance in top/bottom ra- 
tios of gate insulation films in these devices, a first sub-plurality of said given plu- 
rality will have larger than average top/bottom ratios of gate insulation films, a 
second sub-plurality will have smaller than average top/bottom ratios of gate in- 
sulation films, and individual ones of the larger than average devices will be lar- 
ger than individual ones of the smaller than average devices. It should be noted 
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that claims 1 0 and 1 1 require that the 1 st and 2 nd pluralities be present but not 
that they be sorted out or arranged in any way. 

Allowable Subject Matter 

6. Claim 12 is objected to as being dependent upon a rejected base claim, but 
would be allowable if rewritten in independent form including all of the limitations 
of the base claim and any intervening claims, because none of these references 
disclosed or can be combined to yield the claimed invention such as a semicon- 
ductor device comprising: a plurality of first MOS transistors, each of the first 
MOS transistors including a first channel of a first conductivity type formed on a 
surface layer of a semiconductor substrate, a first source and a first drain of a 
second conductivity type formed to both sides of the first channel, a first gate in- 
sulation film with a first relative permittivity formed at least on the first channel 
directly or through a buffer insulation film, a first gate electrode formed on the first 
gate insulation film, and a first side insulation film formed at least on side of the 
first gate insulation film and having a second relative permittivity which is smaller 
than the first relative permittivity; and a plurality of second MOS transistors, each 
of the second MOS transistors including, a second channel of the first conductiv- 
ity type formed on a surface layer of the substrate, a second source and a sec- 
ond drain of the second conductivity type formed on both sides of the second 
channel, a second gate insulation film with the first relative permittivity formed at 
least on the second channel directly or through a buffer insulation film, a second 
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gate electrode formed on the second gate insulation film, and a second side insu- 
lation film formed at least on side of the second gate insulation film and having 
the second relative permittivity, wherein, when a cross-section on a side of the 
first channel S 1 , a cross-section on a side of the first gate electrode is S2, a 
cross-section on a side of the second channel S3, and a cross-section on a, side 
of the second gate insulation film is S4, a condition of: S2/S1 > S4/S3 is satisfied, 
and an area of a bottom part of the first gate electrode in contact with the first 
gate insulation film is larger than an area of an upper part of the first gate insula- 
tion film, and an area of a bottom part of the second gate electrode in contact 
with the second gate insulation film is larger than an area of an upper part of the 
second gate insulation film, and wherein a voltage applied to the first gate elec- 
trode is lower than a voltage applied to the second gate electrode as recited in 
claim 12. 

Response to Arguments 

7. Applicant's arguments filed 08/06/02 with respect to claims 1-12 have been 
considered but are moot in view of the new ground(s) of rejection. 

Conclusion 

8. Any inquiry concerning this communication or earlier communications from 
the examiner should be directed to Thomas L Dickey whose telephone number is 
703-308-0980. The examiner can normally be reached on M-F 8-5. 
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If attempts to reach the examiner by telephone are unsuccessful, the exam- 
iner's supervisor, Nathan J. Flynn can be reached on (703) 308-6601 . The fax 
phone numbers for the organization where this application or proceeding is as- 
signed are 703-872-931 9 for regular communications and 703-872-931 9 for After 
Final communications. 

Any inquiry of a general nature or relating to the status of this application or 
proceeding should be directed to the receptionist whose telephone number is 
703-308-0956. 
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